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Be!d_Qtlnyention 

Thisi nven fcn ;s di rece dt oasvs tem and m e th odforco mm un,oa t ,o n 

access frames. 

Backgmund^tJm^ 

VarioU s— catlonsc^esareava^ew^anowap^ 

su c h sc h e m esa,,ow f o^^^^ 

one tim e,o rm avaoce S seac h o th e rttiraUgh a b asesvs t e m a tan v gi ven tim e 
without * each o, h e, ,n s U c h — access systems. 

ge „ era u y a communication channel c, line is s^a .V - v-« remote 
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system in the overall communication network wii, only be using the channel 
und er specific parameters which are different from the parameters 

system will be on the channel at any given time. 

freq uencies such tha, each of the respective remote systems in the 
communication scheme is allocated a different fluency. Such a system ,s 
often referred to as a fluency division multiple access (FDMA) 
communication scheme. Alternatively, in a time division multiple access 
(TDMA) communication scheme, a number of systems can communicate on 
th esamefreo.uencv channel oraplurality of channels, but at different times. 

system Knows the particular time during which i, may transmit and rece,ve 
formation, and each system therefore acts accordingly to operate within a 
particulartimeslo, The use of a TDMA scheme makes very efficient use of 
*. communication channels because multiple systems may use the same 
fluency channe, atthe same time without interfering with one another. 

More specifically, within a TDMA system, the access time on the 
cha nnel is divided into a pluraiity of continuous, repeated TDMA frames. 
Each frame is divided into a variety of slots, with certain slots being allocated 
for a particular remote system to utiiize in transmitting and receiving data. 
Generally, within each frame, a system which is communicating will have a 
slot designated in which it will transmit information and another slot 
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■ burst ,. The b urs,s. often referred to as pacKets, are repeal in re g u,ar 
the frame so as no, to overiap each other ana cause — ce hetween 

the reto, so the communication hetween the ***** ~ * 

transmitted from ,he various communication systems. 

, norder ,o maintain suchatime-divisioncommunication.it is essent,a, 

emitted and received within particular time siots of a frame. TOMA 
communications are usuaiiy — accordin, to the timing of a master 
syst em. That is, the master system de f ,nes the ien 9 th of theframeand the 
.oundariesof the frame and the pastime siots therein which ma, ,e 
^.yremotesystemsorsiavesystemstosendorreceivetheirpace, 

Spec ffi ca„y,whenas,avesystemwantstocommunicate W ithor t hrou g h te 
ma stersyste m ,itmus,synchroni Z e,sframesandframe b oundariesw,tt h e 

fram es and frame houndaries o, the master system. Where mu„i P ,es,ave 
syste ms are accessin, a master system, each of the systems m. 
syn ohroni Z e their frames and frame houndaries with those defined hy the 
ma ster system, in that way, each of the various systems wi„ Know the 
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th ey may transmit or receive their packets of data. Generaily. each system 
wiiitransmitapacKet and aiso receive a packet within each frame. 

synchronized, each system maintains a frame counter in order to count the 
„ that are communicated. Essentia,*, TDMA frames are generaily 

Therefore, each system counts the bits to define the frame, and when a new 
fra me is detected, the system increments the frame counter. Each system 

estabiishesthe frame count for the system. When the count reaches a ievei 
ideating thataframe has been compieted. the frame count is incremented 

and another frame begins. 

Because each of these systems are asynchronous, their frames wili 

ref erence, F urthermore.,heirframe counts wii, vary. When synchronizing 

exa mpie the beginning ofaframe boundary of the mastersystem may start 
muW p,e bits before the beginning frame boundary ofasiave system, in order 
to align t heframe,the,rame boundaries must be aiigned, and therefore the 
difference between theframe boundaries is determined andabit offset is 
us edinorder,oa,ign,heframe, The bi, offset is determined by using a b,t 


4 


10 


15 


20 


aligned. 

One particular TDMA communication scheme which is current* 
gainingpopular^isreferredtoasa BlueTooth scheme. V*hin a BlueTooth 
scheme, it is necessary to be abie to maintain communications between a, 
, east two different unsynchronized units. Each system within the scheme 
ut i, iz es«s own BiueTooth native CocK (CLKN) and one or more slave clocks 
(CLK1 CLK2) Communication connections between various systems w,th,n 
a BiueTooth scheme retire each system to be in either a master mode or 
s ,avemode. ,n the master mode, the communication connection utiles the 
^determined by the units own native cioc, (CLKM). For communications 

u „o ri K1 and CLK2 are utilized. In 
in a slave mode, individual clocks such as CLK1 and CLK 

the slave mode, the timing for the CLK1orCLK2 clock is synchronized to the 
timi n g data which is received from a master system and specifically - 
synchronized to the native CocMCLKN) of that master system. Therefore, 
wrt hinsuchaB,ueToothscheme,e a chsystemwi„ g enera„yhavetomainta,n 

su ch as frame counters are maintained by each system and are associated 

drawbacks associated with the need for the multiple clocks and counters 

within each system. 

Specifically, power consumption is particularly high for operating 
various different counters and maintaining separate clocks associated with 
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each counter, and with each master/slave communication connection. 
Furthermore, hardware associated with each system is more competed 
d ue to the necessity of maintaining various different Cocks and counters for 
each associated master/siave communication connection. That is, for each 
syst em within the BiueTooth TDMA scheme, three different long term or 
fram e counters have to be maintained and three different bit counters (for 
fram e boundaries) must a,so be maintained, representing significant power 

consumption and hardware complexity. 

It is therefore one objective of the present invention to simpiify the 

systems utilized withinaTDMA scheme, and particularly within a BiueTooth 

TDMA scheme. 

„ is another objective o, the invention to reduce the power consumed 
by each system, and also reduce the hardware complexity associated with 
each system. Since the BiueTooth TDMA scheme wil. be particularly 
appiicable to portable electronics, it is further desirable to decrease 
complexity, size, and power consumption parameters associated w,th 
systems in the BiueTooth scheme. 

The system and method of the present invention provide 
communication between a plurality of asynchronous transmitting and 
receiving systemsutilizing digital streams arranged in multiple access frames. 
The complexity of prior art systems is simplified, thereby reducing power 
consumption and hardware complexity of such systems. 
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frame count is established. Within a slave system, a counter is utilized and 
cycled withaclock reference to generate a main count associated with that 
s ,ave system. Utilizing the main count of the slave system, a main frame 
count of the slave system is established . 

Utilizing the difference between the master frame count and the main 
recount of the slave system, a frame count offset va,ue is determined. 
A slave frame count is then established for the slave system by adding the 
offsetvaluetothemainframecountofthatslavesystem. In that way, the 
s ,aveframe count of the slave system is aligned with the masterframe count. 
Thereafter, the slave frame count is incremented when the main count ,s 

digital streams are communicated between the master and slave systems by 
aligning frames wrfhthe Cock reference ofthe master system when the slave 
fra me count for the slave system is aligned with the master frame count 

utilizing the offset. 

^accordance with one aspect ofthe present invention, the frames are 
align ed with the clock reference of the master system by determining a bit 
offset between a master system frame bounded and a slave system frame 
b ounda,y.and adjusting the s,ave system frame boundary with the bit offset 
so that the frames are aiigned. A plurality o, bits defining either the master 
fra me boundary or the slave frame boundary may be a portion of the 
respective mastercountorslavecount. Drift between the clock reference of 
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stored and the bitoffsets may be adjusted so, hat the slave system frame 
boundary reflects the drift between the dock references. 

When communicating packets of information between the systems, a 

packet count is started using the bit count determined forthe frame boundary 

of the slave system. 

Multiple slave frame counts may be estabiished for a siave system 
utilizing frame count offset values in accordance with the principies of the 
present invention. AspeCcframe count offset value is then maintained by 
the slave system which corresponds with its communications with another 
system. 

p rirf p„..^ P tin n of the Drawings 

The accompanying drawings, which are incorporated in and constitute 
a part of this specification, illustrate embodiments of the invention and, 
toge ,her wrth a genera, description of the invention given below, serve to 
explain the principles of the invention. 

Figure 1 discloses a timing diagram between a master/slave TDMA 

20 connection. 

Figure 2 is a timing diagram illustrating TDMA frame and packet 

timing. 

Figure 3 is a timing diagram illustrating TDMA frame timing. 
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Figu re 4 is a timing diagram gating packet timing within a TDMA 
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frame 


Figu re5isatiming diagram illustrating drift of a TDMA frame 

associated with clock drift. 

Figureeisatimingdiagraminaocordancewiththeprinoipiesofthe 

present invention illustrating TDMA frame timing. 

Figu re 7 is a timing diagram in aocordance with the principles of the 

the master and slave systems. 

10 Detailed_Description 

ln crating the present invention, it is helpful to understand a pnor 

art BlueTooth 

scheme utilizing TDMA frames. 

Referring to Figure 1 , each system or un* wKhin a BlueTooth scheme 
15 ^itsownnativeciocK^andalsoincludescneormoreslavecloCs 

(CL K1 CLK2). The native clock, CLKN, is utilized when the system 
operating as a master system for communications with one or more slave 

a , ign themselves hy creating and maintaining one or more clocks, CLK1. 
CLK2 which are considered slave clocks. The slave system still maintains 
jts own siave CLKN clock, hut the communications with the master system 
are hased upon the synchronization provided hy the CLK1 or CLK2 slave 


9 


10 


15 


20 


sy s,ems in thecommuni cation scheme maintain frame counters for aligning 
th eirTDMAframere,erencesforc 0 mn 1 unicat to n purposes. Furthermore, the 

clock CLKN. 

Specifically referring to Figure 1, an example of a 
communication scheme 10. **. BlueTooth parameters, is illustrated. 
The frame counter of the master system 12 is indicated as MASTER CLKN, 

communication channe, is divided Into multiple frames 14, which are 
con si d eredT D MAfra m es.Thetermino,ogyCLKN,CLK1,andC L K2,isused 

InterchangeaUyhereinwhenreferringtoboththespeciflcciocKsandalsothe 
fram e counts associated with such clocks. This is the result of the frame 
counters or long-term counters being cycled accordingly to their respective 
clocks or clock references, CLKN, CLK1, and CLK2. 

As shown in Figure 1 , the CLKN clock of the master unit defines the 

each frame is divided into individual slots in accordance with known TDMA 

9 enera,ly have packets associated with each frame which fit into 

packets associated with a particular frame. Referring to the siave packet 
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22 the nomenclature is reversed. 

mast er will generally he eon— a receive packet 24 for the siave. 
Simila ri y,areceivepac k et20forthe master is generally a transmit pacKet 26 

accordingly. Th at is, the master system communicates wi t h t h e slave and the 
sla ve answers, or vice versa, as illustrated hy the muitiple packets 16. 22 
n ,s,rated in Hgure 1. Only packets for one master slave connection are 
sh0 wn in Figure 1. However, it will he readily understood that multiple 
systems may he communicating with the master.and other packets may also 
be included within the frame. Within each TDMA frame, the bit timing is fixed 

wi „ generally start at differentiations within the frame in order to prevent 
interference. Furthermore, any other systems communicating with the 
ma ster system will also have associated slots within the frame for sending 
their bursts or packets. 

s,ave frame counter SLAVE CLKN 28 is illustrated. As illustrated, the frame 

MASTER CUKN 12. When communication between systems begins, the 
.astersystemsetstheparticulartiming, frame count, and frame boundaries 
uffiz ed for communication, and the slave system synchronies the 
oommunlcationwith the masterto the master timing. Tothat end, the siave 

sys tem starts and maintains a slave CocK CLK1 and associated slave frame 
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1 <5I AVE CLK1 30. The clock CLK1 and 
count indicated in Figure 1 as SLAVE ulm 

associated counter SUAVE CLK1 is aligned with the master main clockCLKN 
and its associated frame counter 12. As illustrated in Figure 1, the master 
(n+1) frame aligns with the slave (M,frame; the master (n + 2) frame aligns 
w «h the slave (*2> frame, and so on. Therefore, the slave dock CLK1 and 
associated frame counter 30 are separately maintained by the slave system 
when i, ,s synchronized with the timing of the master main clock CLKN and 
.srespectiveframecounteMZ ,n that way, the frames between the master 
system and the slave system are in alignment for proper communicate 
under a TDMA scheme and particularly under a BlueTooth scheme. 

,norderfortheCLK1clockoftheslavesystemanditscorres P ond,ng 

frames 32and counter 30 to be aligned with the timing of the master system, 
abit offset is used by the slave system. The b. offset indicated by reference 

b oundaries of the slave frames 32 to maintain synchronization with the 
ma stersystemframe s1 4. The bi, offset 34 is maintained with respect to the 
s ,ave, own master Cock and associated frame count SLAVE CLKN 28 as 
mustratedinFiguret. That is, the CLK1 Cock and associated frames of the 
slave unit are bit offset with respect to the slave system Cock CLKN and its 

20 frames 36. 

Figure 2 illustrates a typical TDMA frame 40 which, for a particular 

transmit packet 42 and a receive packet 44. Generally, one or the other of 
the transmit P acketandreceive P acketisinthe fi rstha,fofthe f rame,andthe 
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ot her corresponding transmit or receive packet wi.l be in the second half of 
the frame. When a system, either slave or master, is in communication w,th 

receive packets associated with the communication. That is, the frames wi,i 

associated with the TDMAframefor the muitipie systems communicating, 

between the various packets to prevent overiap and interference. The 
access code46 and header 48inciude information about the packet and also 
ab0 ut the communication frame and other communication parameters 
necessary for synchronization between the various communicating systems. 

Specifically.the hi, offset is extracted from the reception oftheaccess code. 
Toaiign frames between two systems, frame boundary information and the 
fra me count vaiue needs to be communicated between the master and siave 
systems. The frame boundary information is derived from the reception of 
the access code, whereas the frame count vaiue is communicated us.ng a 
m essage in the packet payioad. Therefore, when a siave system receives 
the access code and other packet information from the master system ,n a 

and can synchronize its frame timing according utilizing an available slave 
Cock suchasCUO orCLK2. The frame boundary or frame timing of frame 
40 begins w«h the firs, bK or the zero location bit of the access code 46. The 
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., narket 42 with different information 
and arranged as the transmrt packet 42, 

oorrespondingtothatpacketandadinerentsiotoriooationintheframe. 

^^^^^^^^ 
oreia.e.ero.peoreferatothesvste.rnainoioc.e.ndioatedasc , 

fram e reference are therefore uti.ed by remote sieve .stems .hen the 
system 30 acts as a master s y stem when commonicating with — 

Reference numerals 68 and 70 indicate other clocks and ^ *~ 

T hec,ocks,C L K,C L K 2 are U sedwhenthe S vstemisactingas 
:a:es y stem^S U ohadd rt iona,c,ock S ,,o U nter,an d the TDM A^ 
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a device. Furore, .he hardware associated with maintaining the 
addition* siave Cocks, OK, 69, and CLK2 71. is competed. The 

oost of such a system. The present invention addresses such systems by 

The clock CLK1 defines an associated frame counter 72 and TDMA 
fram e reference 74. Similar,. Cock CLK2 aiso maintains an associated 
frame counter 76 and frame reference 78. As discussed above with respect 
to Figure 1. cicck CLK1 and CLK2 are maintained based upon a bit offset 
with respect to the main Cock CLKN of the system. Specify, bit offset 1 , 

associated frame references and frame counters. Bi, offset 1 is referenced 
with respect to the main dock CLKN of the system as shown in Rgure 3. 
Simi,ar,y, the b« offset 2, referenced by reference numera, 82, is maintained 
with respect to Cock CLK2 and its associated frame counter and frame 
reference. The reference for CLK2 to which bK offset 2 is app.ied is aiso the 

main CLKN of the system. 

Figure 4 is another iliustration of a TDMA frame and its construction. 
When a communication is initiated between two systems, the siave system 

s ,ave CLKN timing is recorded. That is, a determination is made with respect 
to the main Cock reference CLKN o, the master system and the main Cock 
reference CLKN of the siave system. Utiiizing the offset, a dedicated siave 
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COOK C L K1crCLK2(seeFi g u re 3) i ssta rt edu«n Z ing« h eoffsa«. As noted 

transmit packet 42 and speedy receives the bi, offset by receiving the 

code translates into the bit offset to be used. Generally, the frame timing 

packet 42 in the first half of TDMA frame 40. 

As noted above, each ofthe systems maintains an associated frame 
oounterfcr its communication connections. For example, inasystem utilizing 
thre e different clocks, CLKN, CLK1 and CLK2, associated counters CLKN 
COUNTER 64, CLK1 COUNTER 72, and CLK2 COUNTER 76 are also 
mai ntained (see Figure 3). The frame counter is a parameter utilized within 
the TDMA communication scheme generally. Specifically, a frame counter 
,s ma intainedwithinaTD M Asys,em utilizing the BlueTooth parameters. The 

so that the master and slave systems wil, be processing the proper frames 
at the proper times. That is, the frame counter allows each system to know 

w h,ch frame is being analyzed so that the operations associated with tha, 
fra me are completed rather than the operations associated with another 

communication freguency u,i,ized between the communicating systems. 
Generally, every packet uses a different frequency according to a BlueTooth 
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data within a particular packet. More information regarding the Bluetooth 
system is publically available in various locations, such as at the Internet web 
site www.bluetooth.com. 

When communications are initiated between two systems, the exact 
frame number is contained in the packet sent by the master system. When 
the packet is received by the slave system, it is loaded into the frame counter 
for the CLK1 or CLK2 counter which is being initiated. As the systems 
progress through frames, the various frame counters in each of these 
systems is incremented according to a specific corresponding clock reference 
and cycle, such as that provided by CLKN, CLK1 , and CLK2. Bit offsets 80, 
82 are transmitted as part of the access code 46 of a packet and are used 
,o offset a bit counter which defines a frame boundary. A bit counter is 
maintained in each system to define the boundaries of the frame and the 
location of particular information within a frame. A bit counter may be a 
separate counter maintained by the system or might be part of the frame 
counter, such as the least significant bits (LSBs) of the frame counter. At bit 
zero within a frame, the first bit of the access code is transmitted and at bit 
x , the header field 48 of the packet begins. Similarly, at bit y, the access 
code for the receive packet 44 is expected to be received by the system. 
(See Figure 2.) 

Due to the master system and the slave system having their own 
reference clocks CLKN, their timing will tend to drift as the clocks drift. 
Referring to Figure 5, a frame 90 of the slave system is shown with numerous 
packets 91. 92 therein. The slave frame 90 is synchronized with the slave 
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dock CLK1 93 and its associated counter CLK1 COUNTER 94, as illustrated 
in Figure 5. The slave clock CLK1 and associated counter are offset from the 
s,ave's main clock CLKN and its associated counter 96, as illustrated by the 
bit offset 97 and discussed above. The drift associated with the various main 
clocks CLKN will change the bit offset 97 between a master and slave 
system. Accordingly, the clock CLK1 or CLK2 is continuously updated to 
follow the drift. For example, referring to Figure 5, the bit offset 97 is defined 
by the frame boundary of the CLKN frame of the slave unit indicated by 
reference numeral 98. The bit difference between frame boundary 98, for the 
CLKN frame, and the TDMA frame of CLK1 , indicated with reference numeral 
99, is the bit offset 97. However, if the CLK1 clock drifts to the left due to a 
drift of the master main clock CLKN, then boundary 99 will drift to the left of 
boundary 98. Referring to the right side of Figure 5, the CLK1 frame 
boundary 100 will then be to the left of the slave CLKN frame boundary 102. 
,n that regard, the bit offset 97, which was very small, now becomes very 
large and is indicated by bit offset 103. Therein, with respect to frame (i-1) 
104 the bit counter was small, bu, with respect to frame (!) 1 05 the bit offset 
103 becomes significantly larger. Due to such drift, the bit offset is constantly 
updated, and within a particular TDMA frame, the new value for the bit offset 
to address the drift is received in the new receive packet 91 of the frame. 

As noted above, the prior art systems require that multiple clocks be 
maintained within each system, depending upon whether the system is acting 
as a master system or a slave system, or both, in communication with other 
systems. The necessity for maintaining additional clocks and associated 


18 


10 


15 


20 


frame counters and bit offsets increases me power consumption o, the 
systems and increases their overali complexly. As a result, the systems are 
m0 re expensive. The present invention addresses such drawbacks by 
eiiminating additional clocks and maintaining only one main clock. CLKN, for 
each system. Frame counts associated with the various communicate 
connections inasystem are maintained utilizing the mainCLKN Cock and its 
associated CLKN frame counter, even when the system is acting as a slave 
system instead of establishing and maintaining separate clocks and frame 
ooun,ers,aframe offset is determined and maintained to be utilized with the 
m ain frame counter CLKN COUNTER in order to determine and mainta.n a 
value indicative of the frame counters normally associated with theCL K1 and 
CLK2frame clocks. The frame offset or frame counter offset ofthe invention 

counting in the master system which sets the synchronization protocol. 

To that end, a packet is communicated from the master system to the 
s , a vesystem(seeFiaure4, The packet contains the current frame number 
or frame count of the master system. Utilizing the master system frame 
count, the s,ave system is operable for determining an offsetto its own ma,n 
fra me counter and will update its frame counter offset. Therefore, the slave 
system main clock, CLKN and its associated counter, are utilized with frame 
count offset va.ues to create the counters which are representative of 
counters for CL K1 and CLK2. Individual CLK1 and CLK2 clocks and 
associated counters from those clocks are no, maintained. Rather, only the 
m ain CLKN clock counter is maintained and frame count offset values are 
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pr esent invention. That is, the counts ^ using the offsets o, the 

separate CLK1 and CLK2 clocks are not used. 

Referring to RgureB, the various counters within a system are shown. 
ln accordance with one aspect of the present invention, the frame counters 
for each communication stream wii, be based upon a single counter, 
.egardlessofwhetherthesystemactsasamaster system or a siave system. 

associ ated counter as weli; however, the counters wii, be offset according to 
S pecif,c,rame offsets ofthe invention. The various frame offsets, orframe 

count offsets are simply added to the frame count maintained in association 
with the main dock CLKN, according to the following equates; 
CLK1 = CLKN + Clk1 FrameOffset 
CLK2 = CLKN + Clk2FrameOffset 
As will be readily understood by a person of ordinary skill in the art, the 
pres entinven,ion may be utilized with a system which maintains any number 
of clocks or communication links with other systems. In a BlueTooth 
scheme, slave interconnections are indicated by OX1 and CLK2; however 
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additional communication links may be maintained and may have frame 
counts associated therewith. Therefore, the present invention is not i,m,ted 
to any number of particular communications between a system and other 
remote systems. 

Referring to Figures, timing is shown for a system which may maintain 
one master communications line and two siave communications lines. 

Vindicated by the various hash marKs 1 1 1 . Acoordingiy, when the system 

d ef,nes a frame 1,3 which is synchronized with the CUKN CocK 110. 

references, 114, 116, are maintained. Those siave frame references will be 
based upon the timing and frame reference of the master system with which 
the slave system communicates. 

During communications, a master system wii. cycle a counter, such as 
its mai n counter, using a CocK reference, such as the main CocK reference 
CLKN togenerateamastercount. The master count is used to establish a 
m as,er frame count. In the slave system communicating with the master 
system, another counter is also cycled using a clock reference, such as the 
mai n do* reference CLKN of the slave system. In the slave system, a slave 
count is generated^ the slave count is utilized to establish a s,ave frame 
count Based upon a difference between the master frame count and the 
sla veframecoun,,aframecoun,offsetvalueisde,ermined. W „hinthes,ave 

system a reference frame count, utilized for synchronizing with the master 
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sy stem, is estabiished by adding the frame ecu* offset va,ue to the siave 

when *e slave count is incremented. Digital streams of information 
co.prisingase.ies of b its are communicated between the master and slave 

master frame count. 

,„ accordance with one aspect of the present invention, the frame 
00U nt, for each ,inK wherein a system acts asasiave system, w, he based 
uponthe enframe counter or 120 of that system. Bach system w,l, 
normally be maintaining main frame count «. which it uses as the frame 

frames 122. The frame counter which the system utiiizes when it acts asa 
s , ave isaisobasedonthec to c k C L K N 110andmaincounter120. T he S ,ave 

countvalues along w«h — 120 even though the counter vaiueswi.be 
off set based upon the CLK1 frame offset value ( i> and the CLK2frame offset 

main counters and the main count it produces to produce addition, siave 
frame counts 124 and 126. In that way, separate clocks are not maintained 
ands e P arateco U ntersfor,hosec,ocKs are not created and s,a rt ed when the 

system acts as a slave system, 
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asisdon e; nth ep ri o r a,T h e ref o re , th e fram eo OU n te12 0, 12 4,an 12 e 
are shown as essentia,, sync— to 9 ether since they a, each basea 
th e V a ri ousco U n«e r scnan g eva IU eat t nes am e m o m en ti n« m e b ase d ont he 

acting as a master or a slave. 

In aco oraance with a* aspect of - present — , * 

a , ng ie interna, hit counter associatea * - - ** 

^.OMA^e^.ase.upo^he^nCoc, V*en the system acts as 
ama s t e rU s ingth e m a i nco Unter C L K N an dite c,ocM h eC L K Nbrt co U ne ; 

invention maintains a bit offset 118, 119 for the various communication ^ ^ 
^.toffsetisaaaeatoamainCLKN^counter maintain. b y,e system 

bas eaupon,hemainc,oc k C L K N .The r e,o re ,th eb itco U n t is g ene rat ea W ,th 

the following formula: 

CLK 1 bi,counter--CLKNbitcounter + CLK1 bit offset. 

r\ kn hit counter + CLK2 bit offset. 
CLK2 bit counter = CLKN bit counu* 

The main b it count, may be ma,n,a,nea as a separate counter, or may be 
maintainea as part of the main C^frame counter, such as in the ieast 

significant bits (LSBs) of the main frame counter. 


23 


10 


15 


20 


Utilizing the bi, offset 1 1 9 associate, with each communication l.nk, 
^etrame^ences^anai.ea.ae^. 

master timing of another remote master system. 

Referring again to Figure 6, in accordance with one aspect of the 

^irrespective frame references 114, 116 and the TDMA frames 115 

th ema,ncoun,er1 2 0,he,ramereferences 1 14, 11 as,i,imust b e maintained 

ab0 ve bit offsets are utilized for defining and maintaining the frames with, 
the various siave frame references H4, t1, Frame 1 13 does no, utilize an 
offset as it is based upon the main CLKN clock, and is relied upon when the 
system is a master. 

pack e, positions is maintained as iiiustrated in Figure 4. However, in the 
presen t invention, the processing of the various TDMA frames and the 
pack ets therein is no, dependent upon f,*ed TDMA timing dictated by 
separatees. As noted above, individual clocks CLK1 
maintained. R ather, based upon the derived bit counter which is reflective 
of the main bit counter of the main CLKN clock and the addition of bit offsets 
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1 18, 1 19, a packet counter is maintained. The packet counter is started with 
th e derived bit counter and is free-running for the rest of the packet. The 
packet counter therefore determines how the system processes a particular 
transmit or receive packet within a TDMA frame. 

As wrth prior art systems, the main CLKN clocks between the systems 
(master CLKN and main CLKN of the slave) will drift. Referring to Figure 7, 
a TDMA frame 130 for a slave system includes a receive packet 131 and a 
transmit packet 132. The main frame counter 1 34 is based on the main Cock 
CLKN 136 and the boundaries of the CLKN frame 137 is defined by the 
counter cycle 138. That is, the front boundary of frame 137 indicated by 
reference numeral 139 is in line with the clock 1 38. The offset frame count 
of the slave, maintained in accordance with the principles of the present 
invention, is indicated by reference numeral 140. The actual TDMA frame 
associated with the s.ave timing and count is indicated by reference numeral 
142. The slave frame count 140 is no. aligned with the slave TDMA frame 
reference 142. As is illustrated in Figure 7, the slave frame has a bounda^ 
14 5offsetfromtheCLKNc,ock136bybitoffset1 146. Referring to the left 
side of Figure 7, the actual TDMA frame reference overlaps with the frame 
count 140, although they are no, aligned. That is, the (i-1) frame is counted 
when the actual (i-1) TDMA frame begins. However, should the TDMAframe 
14 4 drift to the ,eft over the frame boundary 139, the bit offset is now 
reflected by 148 and thus its value must be changed in accordance with one 
aspect of the present invention. If the drift is such that the frame boundary 
is crossed and the CLK1 frame counter 140 indicates a different frame 
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number than the actual TDMA frame 144, the present invention adjusts the 
offset value. Accordingly, to address drift within the clocks of two 
communicating systems in accordance with the principles of the present 
invention, the value of the bit offsets, and the value of the frame offsets are 
adjusted. While drift is discussed above with respect to one direction, such 
as to the left, drift in the other direction, such as to the right, might be handled 
in a similar fashion. 

While the present invention has been illustrated by the description of 
the embodiments thereof, and while the embodiments have been described 
in considerable detail, it is not the intention of the applicant to restrict or in 
any way limit the scope of the appended claims to such detail. Additional 
advantages and modifications will readily appear to those skilled in the art. 
Therefore, the invention in its broader aspects is not limited to the specific 
details representative apparatus and method, and illustrative examples 
shown and described. Accordingly, departures may be made from such 
details without departure from the spirit or scope of applicant's general 
inventive concept. 

What is claimed is: 
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